All relevant data are within the paper and its Supporting Information files. It is worth nothing that that TreeIt system will be available for download at <https://github.com/SMALLPIGCHANG/treeit> to all interested researchers.

Introduction {#sec001}
============

In the face of an aging population, many researchers have recently begun to pay attention to the psychological well being and social needs of older people. A social network refers to the network-type structure formed among people or between people and organizations through connections such as interpersonal relations, social relations, etc., which can range from close to distant \[[@pone.0180102.ref001]\]. Given a certain stage of life and living environment, individuals, in particular older people after retirement, respond rather differently to social networks. Because of environmental restrictions, seniors who once spent most of their time at work and established social interactions in their workplaces often find it difficult, once retired, to expand the scope of their social lives and maintain their earlier social relations. Furthermore, age-related deterioration of physiological functions and senses limit opportunities for social contact. In addition to aging and retirement, the elderly must cope with grief resulting from widowhood and the loss of loved ones and friends, leading to loneliness and a lack of social contact and interaction \[[@pone.0180102.ref002],[@pone.0180102.ref003]\]. Many studies have suggested that social relations and social interactions are closely associated with maintaining physiological function and mental health in the elderly. For instance, poor social relationships increase the risk of coronary heart disease in the elderly \[[@pone.0180102.ref004]\]. Social interactions and social activities can remedy the social isolation, loneliness, depression and cognitive impairment of older people \[[@pone.0180102.ref005],[@pone.0180102.ref006]\]. Social activities can maintain the physiological function of elderly people and help reduce the risk of Alzheimer\'s disease \[[@pone.0180102.ref007]\]. Social interaction has the same effect as staying fit on reducing the risk of death \[[@pone.0180102.ref008]\]. As they age, older people are more willing to spend time maintaining connections with family members and close friends \[[@pone.0180102.ref009]\]. Emotional connection and closeness with family members and loved ones make older people feel happy \[[@pone.0180102.ref010]\], and social interaction with friends helps older people achieve a sense of happiness and intimacy, moderate their self-disclosure and emotional support, and maintain their self-worth \[[@pone.0180102.ref011]\]. Therefore, social relations and social conditions may affect the psychological and physical health of the elderly. Thus, to promote the health of the elderly, their social life must also be promoted.

Generally, the elderly are assumed not to be adept at digital technology, but this is not actually the case. As younger generations face changes in life stage and social scope, for instance during the transition from high school to college, they use social networking sites (SNSs) to connect with past and present social relationships. The elderly behave the same way \[[@pone.0180102.ref012]\]. According to a 2014 Pew Research Center survey, in recent years approximately 56% of the population over the age of 65 has used Facebook \[[@pone.0180102.ref013]\]. In the United States, only 13% of elderly Internet users had used SNSs in 2009, but the proportion had increased to 43% by 2013 \[[@pone.0180102.ref014],[@pone.0180102.ref015]\]. In addition, the survey noted that 1 in 3 (34%) SNS users over 65 used Facebook and that 18% of elderly social network users used various SNSs on a daily basis \[[@pone.0180102.ref015]\]. Many studies have shown that whether older adults used SNSs, Skype or blogs, networking skills enabled them to strengthen social ties. Furthermore, the motivation that prompted the elderly to want to learn communication technology was often the desire either to stay in touch with family members and friends in distant locations or to have more contact with younger generations within the family. Therefore, SNSs have become a viable tool for connecting with family and friends and expanding social reach.

A variety of social interaction applications have been designed specifically for the elderly. For example, PawPawMail is an iPad application first developed by QPQ Analytics in 2011 \[[@pone.0180102.ref016]\]. It is an email system specifically designed for the elderly, in which users do not have to log in to an email account and the screen only displays basic information, buttons and images. In addition, it emphasizes use by both the elderly person and the caregiver via an interoperable email account, so the caregiver can assist in setting up a contact book, deleting junk emails and sending pictures to the elderly person's children. Similarly, Keep-in-Touch is a communication application for the elderly first launched on July 9, 2012 \[[@pone.0180102.ref017]\]. It only contains functions suitable for the elderly to receive and send voice messages and to view and send pictures. Although PawPawMail and Keep-in-Touch provide clear and simple functionality, user interface and communication functions, they have not been validated in terms of acceptance and usability by the elderly. Furthermore, the design of social networking sites currently does not target the elderly nor provide a user interface that can perform a social function meeting the habits and needs of the elderly. To create a different social network experience, maintain familiar social patterns and enhance the strength of social connections for older adults, we designed a social application called TreeIt. TreeIt applies Granovetter's strength of social ties theory \[[@pone.0180102.ref018]\] and Gilbert's formula calculating the strength of social connection through social media \[[@pone.0180102.ref019]\]. It also applies Dunbar's number theory \[[@pone.0180102.ref020]\] to limit the social network size to 150 people to establish a circle of close friends and maintain effective interaction. Based on these design concepts and social theories, seven social networking factors as well as the equation for calculating strength of connection were applied. In addition to defining the connection value of each user in a social circle, the contacts with the highest frequency of interaction with the user were identified. The "create," "maintain" and "enhance," mechanisms to promote social interaction and strengthen social networking connections were also proposed. In addition, mobile devices and applications were employed to provide older adults with convenient and real-time social interaction services. With respect to interface design, graphical user interface design and visualization of the user\'s social situation enhanced the online social experience and the willingness of older people to use TreeIt. Overall, in this study, we aimed to verify whether older adults were able to accept and use the TreeIt system. We also investigate the requirements and intention of older adults with regard to using these social network services.

Heuristic evaluation and users' technology acceptance of social technology {#sec002}
--------------------------------------------------------------------------

Users interact with a system through a user interface. To users, the user interface constitutes the totality of the system \[[@pone.0180102.ref021]\]. Evaluating the usability of a user interface is the key in system design and development because in so doing, it is possible to discover system errors and poor user interface design, enabling necessary improvements. Among many evaluation methods, the heuristic evaluation method has been the most commonly used \[[@pone.0180102.ref022],[@pone.0180102.ref023]\]. It was put forward by Nielsen, and after a period of development, ten usability heuristics were formally proposed in 1995 \[[@pone.0180102.ref024]\]. Currently, heuristic evaluation checklists developed in studies on system usability evaluation are based on the ten heuristics proposed by Nielsen as evaluation items \[[@pone.0180102.ref025]--[@pone.0180102.ref027]\]. Based on Nielsen's ten usability heuristics and Shneiderman and Plaisant's eight Golden Rules of Interface Design \[[@pone.0180102.ref028]\], Zhang et al. \[[@pone.0180102.ref029]\] proposed 14 heuristics, adding items such as "informative feedback," "clear closure," "reversible actions" and "use user\'s language." The four additional items were originally applied to determine the safety and usability of the 1-channel volumetric infusion pump used by patients. It is worth mentioning that many studies have adopted the 14 heuristics proposed by Zhang et al. to assess the usability of a system user interface \[[@pone.0180102.ref030]--[@pone.0180102.ref032]\].

Many researchers use heuristic evaluation (HE) to conduct usability assessments of social applications. Al-Badi et al. \[[@pone.0180102.ref033]\] conducted expert evaluation and user testing using HE to assess the usability of LinkedIn and detect its usability problems. In user testing, subjects were tested using the think-aloud protocol and observation to understand user behaviors. In the expert evaluation, Nielsen\'s ten usability heuristics were subdivided into a checklist to perform the system usability evaluation. Ashraf and Raza \[[@pone.0180102.ref034]\] investigated the usability of social applications for blind people. Because blind people encounter various challenges navigating web pages, the usability of social media such as YouTube and Facebook was investigated from their perspective using Nielsen\'s ten usability heuristics. Based on online and virtual reality technologies, Castilla, et al. \[[@pone.0180102.ref035]\] developed the Butler multiple software system, containing email, video, blog, browsing, image and sound galleries, a virtual reality environment, etc., to assist the elderly in using technology products via new forms of communication. The study included four stages of systematic assessment. In the last stage, experts were invited to perform a heuristic evaluation in which the ten usability heuristics were sub-divided into 69 sub-heuristics. The results of the expert evaluation showed that the system failed to meet five heuristics, of which four were important. Overall, the heuristic evaluation method has been extensively used in usability evaluations of social software and social technology. Based on the goal of this study and the characteristics of the TreeIt system, we adopted the 14 heuristics proposed by Zhang, et al. \[[@pone.0180102.ref029]\] to perform a usability evaluation of the use of the TreeIt system by older adults.

In the field of information technology, user intention and attitude are crucial issues. The technology acceptance model (TAM) \[[@pone.0180102.ref036]\] has been widely used to develop application tools that can evaluate and predict whether an information system or information technology will be accepted by users. The TAM has been used in previous studies as a common analytical framework to investigate users' behavior with regard to using new technologies. The key advantage of the TAM is that it has a systematic quantitative analysis model and rich experience accumulated from being used to evaluate the acceptance of social network sites. For example, Yang and Lin \[[@pone.0180102.ref037]\] used the TAM2 to investigate the willingness of employees in a Taiwanese manufacturing company to use SNSs as a supplementary learning tool. The results showed that in addition to validating the technology acceptance model, the TAM2 confirmed not only that social influence could predict perceived usefulness but also that perceived ease of use was affected by computer self-efficacy and perceived enjoyment and concentration. Hu et al. \[[@pone.0180102.ref038]\] used the TAM2 to investigate SNS acceptance of non-social network users, and the results confirmed that perceived enjoyment and perceived social norms exerted a significant influence on behavioral intentions. Choi and Chung \[[@pone.0180102.ref039]\] studied the impact of social norms and perceived social capital on users' acceptance and use of SNSs. The results demonstrated that subjective norms and perceived social capital could significantly predict perceived usefulness and perceived ease of use of SNSs by users. Rauniar et al. \[[@pone.0180102.ref040]\] proposed the "Revised Social Media TAM" to investigate users' attitude and behavior with regard to using SNSs. Their model supplemented the TAM previously proposed by Davis et al. with "critical mass," "capability," "perceived playfulness" and "trustworthiness." The results showed that all hypotheses had a significant impact on the use of SNSs. Moreover, a number of studies specifically used the TAM to investigate older adults' behavior and attitude with regard to using SNSs. For example, Braun \[[@pone.0180102.ref041]\] examined which factors fostered or hampered older adults' intention and motivation to use SNSs and found that frequency of Internet use, perceived usefulness and trust in SNSs could significantly predict intention to use SNSs. Pan and Jordan-Marsh \[[@pone.0180102.ref042]\] conducted a similar study and found that perceived usefulness, perceived ease of use, subjective norms and facilitating conditions could predict older Chinese adults' intention to use SNSs. Tsai et al. \[[@pone.0180102.ref043]\] developed the Memotree system to facilitate social interactions among family members by prompting intergenerational communication. To verify the usability of the Memotree system, the TAM was adopted to promote user acceptance of the proposed Family Communication Application. The results indicated that technology affordances and perceived ease of use have a positive impact on perceived usefulness, whereas perceived ease of use is affected by technology affordances. Internet self-efficacy and perceived usefulness have a positive impact on the user's behavioral intention toward the system. Given that the TAM has previously been used in the investigation and analysis of SNS technology use behavior and has shown strong explanatory power, it was adopted in this study to investigate older adults' intention and behavior related to using the TreeIt system, a mobile social networking application.

Statistical studies on the relationship between user interface usability and the TAM {#sec003}
------------------------------------------------------------------------------------

In the field of usability research, a number of scholars have used statistical models to investigate the relationships among user interface (UI), usability and the TAM. Nikov et al. \[[@pone.0180102.ref044]\] proposed structural equation modeling (SEM) for web service usability, aiming both to develop checklists suitable for assessing the usability and quality of web services and to determine the effect of objective measurements of web service usability on subjective measurements, including "SERVQUAL," "usability heuristic" and "ISO 9241--10." The results showed that for web services, quality was very similar to usability and the objective measurements of web service usability strongly and significantly influenced the subjective measurements of usability. Oztekin, et al. \[[@pone.0180102.ref045]\] proposed the UWIS usability evaluation method by combining the quality and usability aspects of a web-based information service and found that the quality and usability of the web-based information system were significantly correlated. Oztekin et al. \[[@pone.0180102.ref046]\] then developed UseLearn, a usability assessment checklist for an eLearning system, which contained quality and usability evaluation items and used the structural equation modeling method to verify the checklist. The results showed that the quality and usability of the eLearning system were closely correlated. In addition to the relationship between system quality and usability, a number of researchers conducted investigations on the relationship between system user interface usability and TAM factors. Calisir and Calisir \[[@pone.0180102.ref047]\] investigated the relationship between user interface and perceived usefulness or perceived ease of use of an enterprise resource planning (ERP) system. They found that perceived ease of use and system capability exerted a direct influence on perceived usefulness and an indirect influence on end-user satisfaction through perceived usefulness. Moreover, user guidance had a direct impact on perceived usefulness and learnability had an indirect impact on end-user satisfaction. Cho et al. \[[@pone.0180102.ref048]\] assessed the effect of perceived user interface design (PUID) on user intention to continue using a self-paced eLearning tool and found that PUID had a direct impact on perceived usefulness and an indirect impact on perceived usefulness through perceived ease of use. In terms of continued usage intention, perceived usefulness and user satisfaction were important factors. However, in these studies, either the definitions of usability and user interface were too loose or only certain elements of Nielsen's usability heuristics were adopted. The influence of user interface design on users' attitudes or intention with regard to using a system was not fully investigated. In this study, in addition to adopting the 14 usability heuristics proposed by Zhang et al. \[[@pone.0180102.ref029]\] as evaluation criteria, the TAM proposed by Davis et al. \[[@pone.0180102.ref036]\] was used to evaluate the intention to use SNSs among older adults.

Hypothesis development {#sec004}
======================

To understand how user interface affects older adults' intention and attitude with regard to using TreeIt, a social platform, the 14 usability heuristics proposed by Zhang et al. \[[@pone.0180102.ref029]\] were adopted, namely, "H1 Consistency", "H2 Visibility", "H3 Match", "H4 Minimalist", "H5 Memory", "H6 Feedback", "H7 Flexibility", "H8 Message", "H9 Error", "H10 Closure", "H11 Undo", "H12 Language", "H13 Control", and "H14 Document". However, because the 14 heuristics included several overlapping features, they were grouped into three factors (system support, user interface design and navigation) based on previous studies \[[@pone.0180102.ref046],[@pone.0180102.ref048],[@pone.0180102.ref049]\] ([Table 1](#pone.0180102.t001){ref-type="table"}) and was assessed by five suitable experts. The other three factors (perceived ease of use, perceived usefulness and behavioral intention) were adopted from the TAM. The definition of each factor and hypotheses regarding the relationship between the factors are described below, while the study's research framework is shown in [Fig 1](#pone.0180102.g001){ref-type="fig"}.

![TreeIt research structure.](pone.0180102.g001){#pone.0180102.g001}

10.1371/journal.pone.0180102.t001

###### Categorization of Zhang et al.\'s usability heuristics into three groups.

![](pone.0180102.t001){#pone.0180102.t001g}

  -----------------------------------------------------------------------------
  Category               System support    User-interface design   Navigation
  ---------------------- ----------------- ----------------------- ------------
  Zheng et al.'s\        H7. Flexibility   H1. Consistency         H3. Match
  Heuristic Evaluation                                             

  H8. Message            H2. Visibility    H4. Minimalist          

  H9. Error              H6. Feedback      H5. Memory              

  H11. Undo              H10. Closure      H14. Document           

  H12. Language          H13. Control                              
  -----------------------------------------------------------------------------

(1) System support {#sec005}
------------------

When using technology products or computers, older adults are often anxious because of a lack of experience or fear of negative outcomes due to operational errors \[[@pone.0180102.ref050],[@pone.0180102.ref051]\]. Previous studies have shown that when using the Internet and mobile phones, older adults often experience anxiety \[[@pone.0180102.ref052]\]. Igbaria and Iivari \[[@pone.0180102.ref053]\] found that when feeling anxious about computers, users were likely to be unwilling to use them. However, when a technology product possesses a good support system, it can help users avoid making errors when operating the product and thus enhance users' intention to operate the product. Cho et al. \[[@pone.0180102.ref048]\] defined system support as "the perceived effectiveness of system support for a system." Wilkinson et al. \[[@pone.0180102.ref054]\] also defined perceived system support as "the technical and customized support to access the needed information without problems." Based on previous definitions, in this study system support was defined as "the perceived effectiveness of system support at preventing and recovering from errors". It included five usability heuristics, namely, "H7. Flexibility," "H8. Message," "H9. Errors," "H11. Undo" and "H12. Language. The following hypothesis was proposed:

**H1.** System support is positively associated with behavioral intention to use the TreeIt system among older adults.

(2) User interface design {#sec006}
-------------------------

A good user interface design allows user to operate specific functions on a system in different ways while being able to enhance the usefulness of the system \[[@pone.0180102.ref055]\]. User interface design, which can also be called screen design \[[@pone.0180102.ref056]\], is the visual appearance of a system, such as the arrangement of content in terms of layout, color schemes, icons, buttons and font sizes \[[@pone.0180102.ref057]\]. Based on this, five usability heuristics, i.e., "H1. Consistency," "H2. Visibility," "H6. Feedback," "H10. Closure" and "H13. Control" were grouped under user interface design in this study. In addition, Cho et al. \[[@pone.0180102.ref048]\] demonstrated that when users operated the e-learning tool in the study, perceptive user interface design exerted a significant effect on perceived usefulness. Similarly, Hong et al. \[[@pone.0180102.ref058]\] indicated that in using the e-Library system under consideration, perceived usefulness could be significantly predicted based on screen design. Therefore, the following hypothesis was proposed:

**H2.** User interface design is positively associated with perceived usefulness of using the TreeIt system among older adults.

(3) Navigation {#sec007}
--------------

If a system provides the appropriate navigation features, it should allow users to easily access the information they need from the system's user interface. Dillon \[[@pone.0180102.ref059]\] found that inappropriate navigation features tended to make users feel disoriented when looking for information in the system, which was also confirmed by Marchionini et al. \[[@pone.0180102.ref060]\], who showed that the main cause of disorientation in users was that navigation within complex system frameworks increased the user's cognitive load. Using the navigation of online libraries as an example, they demonstrated that by providing navigation aids or adding unique landmarks, the system could allow users to navigate more efficiently. In similar investigations, González et al. \[[@pone.0180102.ref049]\] defined "simple navigation" as "minimalist," whereas Oztekin et al. \[[@pone.0180102.ref045],[@pone.0180102.ref046]\] categorized "memory" as navigation and deemed "match" and "document" helpful to system navigation. Based on the aforementioned studies, four usability heuristics, i.e., "H3. Match", "H4. Minimalist", "H5. Memory", and "H14. Document" were grouped under navigation in this study. Moreover, Ramayah \[[@pone.0180102.ref061]\] noted that system navigation could significantly affect perceived ease of use. Thus, the following hypothesis was proposed:

**H3.** Navigation is positively associated with perceived ease of use in using the TreeIt system among older adults.

(4) Perceived ease of use, perceived usefulness, behavioral intention {#sec008}
---------------------------------------------------------------------

Based on the definition of TAM by Venkatesh and Davis \[[@pone.0180102.ref062]\], Rauniar et al. \[[@pone.0180102.ref040]\] proposed applying the TAM to social technology and suggested that perceived ease of use should be defined as "the degree to which a person believes that using a particular system would be free of effort," while perceived usefulness should be defined as "the extent to which the social media user believes that using a particular social media site help to meet the related goal-driven needs of the individual." The relationships among perceived ease of use, perceived usefulness and behavioral intention have been verified by studies in many different areas. For instance, King and He \[[@pone.0180102.ref063]\] conducted a meta-analysis of 88 TAM-related studies and found that perceived usefulness and intention to use were significantly correlated. Many studies have shown that perceived ease of use has an impact on perceived usefulness. For example, Rauniar et al. \[[@pone.0180102.ref040]\] investigated which factors affected Facebook users' attitude and acceptance of SNSs and found not only that when social networking sites were perceived as easy to use, users perceived those sites as useful but also that perceived usefulness and intention to use were significantly correlated. Therefore, we proposed the following hypotheses:

**H4.** Perceived ease of use is positively associated with perceived usefulness in using the TreeIt system among older adults.

**H5.** Perceived usefulness is positively associated with behavioral intention in using the TreeIt system among older adults.

Methods {#sec009}
=======

Sampling and survey administration {#sec010}
----------------------------------

The purpose of this study was to investigate whether user interface design affected older adults' behavior with regard to social media use via the TreeIt system specifically developed for this study. A total of 101 older adults residing in New Taipei City, Taiwan, were recruited. Participant selection criteria were as follows: (a) over 50 years of age; (b) no structural heart disease; (c) capable of reading Mandarin Chinese; and (d) passed the Mini Mental State Examination (MMSE) with a score of over 24, indicating participants have strong mental abilities in areas such as memory, attention and language \[[@pone.0180102.ref064]\]. Ethical approval was obtained from the Institutional Review Board of Chang Gung Hospital, Taoyuan, Taiwan (104-5645C). All relevant ethical safeguards were met in relation to ethical consideration and subject protection.

The experiment was conducted at the New Taipei City Association for Senior Fellowship Center, Taiwan, where experimental facilities were set up in space provided by the association. The subjects were recruited by contacting the New Taipei City Association for Senior Fellowship Center, which was informed of the purpose, procedure and steps and subject qualifications of the study. After obtaining the consent and support of the Association, 101 subjects who met the requirements were recruited two weeks before the inception of the experiment. As shown in [Table 2](#pone.0180102.t002){ref-type="table"}, 25.8% of the participants were male, whereas 74.2% were female. In terms of age, 6.9% were between 50 and 59; 64.4% were between 60 and 69; 24.8% were between 70 and 79; and 3.9% were between 80 and 89. As for education, 3% had graduated from a graduate school; 34.7% had graduated from a university; 41.6% had completed high school as their highest level of education; 6% had completed junior high school as their highest level of education; and 14.7% had completed elementary school as their highest level of education. Of the participants, 45.5% had previous experience using SNSs, whereas 54.5% of the participants had no SNS experience.

10.1371/journal.pone.0180102.t002

###### Descriptive statistics of participants\' characteristics.

![](pone.0180102.t002){#pone.0180102.t002g}

  ----------------------------------------------------------------------------------------------------------
  Gender   N     \%      Age      N     \%      Education            N     \%      SNS\         N     \%
                                                                                   Experience         
  -------- ----- ------- -------- ----- ------- -------------------- ----- ------- ------------ ----- ------
  Female   75    74.2    50\~59   7     6.9     Master               3     3.0     Yes          46    45.5

  Male     26    25.8    60\~69   65    64.4    University           35    34.7    No           55    54.5

  Total    101   100.0   70\~79   25    24.8    High school          42    41.6    Total        101   100

                         80\~89   4     3.9     Junior high school   6     6.0                        

                         Total    101   100.0   Elementary school    15    14.7                       

                                                Total                101   100.0                      
  ----------------------------------------------------------------------------------------------------------

The experimental tools of this study were the TreeIt system, the subject consent form, the background information questionnaire, the TAM questionnaire, and the heuristic evaluation checklist. A 10.1-inch tablet computer was used to operate TreeIt. Other experimental recording tools such as laptop computers, digital cameras, video recorders, and audio recorders were also used. In addition, the TreeIt system used Facebook as the data source. Therefore, in terms of retrieving social interaction records data, we had to obtain the subjects' basic information and activity records through the Facebook API, thus excluding the portion not deemed open access by Facebook and information the users had not agreed to disclose, e.g., friends lists, mobile phone numbers, addresses, etc. After the investigator explained the purpose of the experiment and the subject stated that he or she clearly understood the experiment, the subject was asked to sign the consent form. Because we were collecting participants' information, the consent form strongly emphasized that no personal information would be disclosed. After the subject signed the consent form, the investigator asked the subject to log into his or her personal Facebook account via the computer so that the TreeIt system would collect any basic information and activity records the subject had disclosed on Facebook. The participant was asked to press the "Agree" button in the system, thereby granting permission for the Facebook API extraction. This process lasted approximately 5--10 min. After the TreeIt system synchronously updated the user\'s Facebook profile, the investigator introduced the system to the subject and asked the subject to operate it.

To enhance the reliability and validity of the experiment and achieve consistency in the experiment, standard operating procedure was carried out throughout the experiment. The procedure was to ask the participant to operate the following seven functions sequentially: (1) Social display function: this function graphically displayed the status of the user's social interactions with his or her friends, i.e., it was a graphic presentation of one of the factors illustrating the strength of a relationship, namely, duration; (2) Chat function: this function provided suggested topics for the users to discuss with their friends. During this step, the subjects were asked to operate the chat function on the TreeIt system by selecting one online friend and opening the chat function interface; (3) Common album function: this function allowed users to quickly and accurately integrate photos with a common theme posted by their friends to an album. During this step, the subjects were asked to click and browse the common album; (4) Hot-topic function: in this step, the subjects were asked to click on the hot-topic function to browse the daily events most discussed by users and their friends; (5) Recent group function: this function showed the social status of the users and their friends. In this step, the subjects were asked to hold the "friends" leaf-shaped logo for a short length of time on the interface, which then displayed the list of friends with whom the user had most frequently communicated recently. This function provided a reference regarding the level of social interaction the user had had with them. Next, the user was asked to select one friend and press and hold that friend's leaf to browse the recent group function; (6) Auto-suggest friends function: in this step, the investigator asked the user to add one friend based on the recommendation list made by the system; and (7) Mood display/emotional feedback function: in this step, the subjects were asked to select one friend according to his/her mood displayed by the system interface and to provide support and care to the friend through the function keys provided by the system interface. The purpose of the seven functions was to create, maintain, and enhance older adults' social interactions with their friends using TreeIt. Auto-suggested friends and common album functions were categorized under the "create mechanism". The social display and mood display/emotional feedback function were categorized under the "maintain" mechanism. Finally, the hot topic, recent group, and chat functions were categorized under the "enhance" mechanism. Each of the 101 elderly subjects completed the test accompanied by the investigator on a one-on-one basis. Then, the heuristic evaluation checklist and TAM questionnaire were filled out. The test for each subject lasted approximately 30 minutes.

Material {#sec011}
--------

The TreeIt system and its user interface used Granovetter\'s strength of social ties theory to determine the four factors of relationship strength: duration, predictive intensity, intimacy and reciprocal service \[[@pone.0180102.ref018]\]. Next it used Gilbert and Karahalios\'s measurable formula to predict the strength of connections among social nodes of SNSs. The accuracy of the formula in predicting the strength of the social network was increased by the factors of structural and social distance, which removed emotional support from predictive intensity and treated it as an independent factor so that users\' invisible backgrounds could be taken into account \[[@pone.0180102.ref019],[@pone.0180102.ref065]\]. Next, based on Dunbar\'s number theory, the number of a user\'s friends was limited to 150 to maintain effective interaction within the SNS \[[@pone.0180102.ref020]\]. Based on the proposed concept and applied theories, the contacts with the highest frequencies of interaction with the user were identified. In addition, the TreeIt application was designed to work on smart mobile devices, such as tablet PCs, thus providing flexibility and accessibility to elderly users who may not be familiar with computers and offering convenient and real-time social interaction services. The social status of the user is presented on the system interface as the growth status of a tree, in which each of the friends is portrayed as a leaf and interacts via the social functions provided by the system. By simulating the tree planting process, caring for each leaf is then akin to caring for each friend, while increasing the number of friends is akin to increasing the density of the leaves. In terms of functional design, TreeIt incorporated seven social promotion functions that allowed users to use SNSs to increase social connection, maintain the intensity of social connection and strengthen social experience. The descriptions of the seven functions under three mechanisms are as follows.

### The "create" mechanism {#sec012}

**Auto-suggest friends:** The main purpose of this function was to promote the generation of more connections with common links to help shorten social distance among friends. After the TreeIt system extracted the users' social records and completed the analyses, it automatically generated a score based on a user's tags, blogs, photos, number of check-ins and shared interests. If someone tagged was not a friend of the user (or vice versa), TreeIt would list this person as a potential friend. In the user interface design, auto-suggested friends were displayed as five buttons in the lower section of the system's main screen, representing five potential friends recommended by the system. When the user clicked on a button, the system would provide the list of friends shared with the user as well as the tagging records of the auto-suggested friend. After the user agreed to add/refuse the auto-suggested friend, the system would recalculate and recommend another potential friend who shared common friends with the user ([Fig 2](#pone.0180102.g002){ref-type="fig"}).

![TreeIt system interface: Auto-suggest friends.](pone.0180102.g002){#pone.0180102.g002}

**Common album function:** This feature helped users enhance intimacy with friends. When a user uploaded an album with the same theme as those uploaded by other friends, TreeIt displayed all of the friends\' albums on the same page to make it easier for the user to view and collect them. In terms of user interface design, the common album function collected all the albums with the same theme into one collage. By clicking on an album with a specific theme, the user could simultaneously view the content of albums with a common theme by both user and friends. Under each photo, the source, date and time, description and location of the photo were presented ([Fig 3](#pone.0180102.g003){ref-type="fig"}).

![TreeIt system interface: Common album function.](pone.0180102.g003){#pone.0180102.g003}

### The "maintain" mechanism {#sec013}

**Social display function:** The main purpose of this function was to help users interact with friends. The TreeIt system retrieved information about total interaction time between the user and each friend from the first to the most recent interaction, including the number and content of the interactions. Based on the nature of the interactive functions the user used, the interactions were divided into two categories (unilateral use by the user and reciprocal use by the user and friends) and used to calculate the intensity of social connections. Based on this calculation, friends who had an above average intensity of social connection with the user were selected and displayed on the tree in their social status. When the intensity of social connection was higher than the average social index between the user and the user's friends, it was considered a strong connection and represented by a large friend leaf, and vice versa. The main purpose of the social display function was to remind the user to engage in social interactions. Moreover, to maintain social intensity, the system automatically filtered out friends with whom the user had a weak connection, and only friends (up to 150) with an above-average social connection intensity were displayed on the interface ([Fig 4](#pone.0180102.g004){ref-type="fig"}).

![TreeIt system interface: Social display function.](pone.0180102.g004){#pone.0180102.g004}

**Mood display/emotional feedback function:** The main purpose of this function was to remind the user to provide appropriate care and emotional support for their friends. The TreeIt system can retrieve the dynamic status of the user's friends and evaluate their most recent status. TreeIt can match the words in a friend's status with the Chinese Word Sketch and evaluate positive or negative words appearing in the status. As a result, the system categorized the friends' mood into positive or negative using five colors based on their status context. Then, based on the friend's positive or negative mood, the user can provide emotional feedback by clicking on the relevant button to convey emotional support to the friend. When the friend accumulated or maintained a certain amount of emotional feedback, the color of the friend's leaf either changed or remained the same ([Fig 5](#pone.0180102.g005){ref-type="fig"}).

![TreeIt system interface: Mood display/emotional feedback function.](pone.0180102.g005){#pone.0180102.g005}

### The "enhance" mechanism {#sec014}

**Hot-topic function:** The main purpose of this function was to provide information regarding the most active discussions among the user and friends at a fixed time every day. An animated pigeon would remind the user to preferentially read the top trending news items among friends. Based on users and their friends' most recent news posts and the number of likes and comments on the news items, the comments on the most-discussed messages (including all of the messages posted by the user and friends) were obtained and displayed on the hot-topic function interface. The hot-topic function regularly prompted and continuously updated the user interface. Every hour, on the left side of the system's main screen, a flying pigeon appeared and sent a letter into the mailbox. The user was able to read the most popular news items among friends by clicking on the mailbox. In the one-hour period between system updates, the user could repeatedly click on the mailbox to read the most recent popular news items. Any new developments with respect to the most popular messages within the one-hour period would be displayed in real time until the next update, when the system would recalculate and arrange the previous hour's hot topics and the user could obtain updated information by clicking on the mailbox ([Fig 6](#pone.0180102.g006){ref-type="fig"}).

![TreeIt system interface: Hot-topic function.](pone.0180102.g006){#pone.0180102.g006}

**Recent group function:** The main purpose of this function was to help promote the generation of more common links and strengthen the user's social structure. The TreeIt system recorded the length of the interval between interactions of the user with a friend or of friends with each other. Rankings were then produced based on the number and length of the intervals. Based on photos, check-ins and other related status records, friends who had shorter interaction intervals, a higher frequency of interaction in the last two weeks and reciprocal connecting interactions with strong social intensity (reciprocally appearing on each other's TreeIt tree) were grouped into one recent group. This function automatically updated to provide the list of friends in the friend group who had recently interacted most frequently with the user. In terms of user interface design, the recent group function required the user to hold the button representing a friend for a length of time, upon which the system would display the other friends who had recently interacted frequently with this particular friend at the top of the user interface. These were assigned to the same group, and connections among friends were shown by connecting lines, allowing the user to know which members of each group were currently interacting frequently ([Fig 7](#pone.0180102.g007){ref-type="fig"}).

![TreeIt system interface: Recent group function.](pone.0180102.g007){#pone.0180102.g007}

**Chat function:** This function was used to shorten the distance between the user and friends through chatting and help the user enhance predictive intensity with friends. The chat function prompted the user by initiating chat topics and encouraged the user to have emotional and thoughtful interactions with friends. In terms of user interface design, the chat function required the user to take the initiative to click on a friend. The system then provided discussion topics based on common interests and trending current events, which it displayed at the bottom of the user interface. The user could then select whether to have a chat interaction on the topic provided by the system ([Fig 8](#pone.0180102.g008){ref-type="fig"}).

![TreeIt system interface: Chat function.](pone.0180102.g008){#pone.0180102.g008}

Measurement development and statistical analysis {#sec015}
------------------------------------------------

The survey instrument was based on the surveys developed by Zhang et al. \[[@pone.0180102.ref029]\] and Davis et al. \[[@pone.0180102.ref036]\], with modifications to match the research topic and eliminate irrelevant items. The survey asked participants to respond to a series of statements using a 5-point Likert-type scale (1 = strongly disagree to 5 = strongly agree). In accordance with the research goals and considering the appropriateness of measurement scales, this study adopted technology acceptance tests as the basis for overall pattern analysis. During the testing period, questionnaire responses were continuously added. The questionnaires were assigned a serial number, entered into a data file, and reviewed twice to correct input errors. The research hypotheses were evaluated using SEM, a powerful multivariate technique that facilitates the specification of the relationships between and among variables. For each construct shown in [Fig 1](#pone.0180102.g001){ref-type="fig"}, there was a single measurement model. The model describes the hypothesized problems among theoretical constructs. The structure of the diagram with a set of variables, which consists of the relationships between the latent variables and their measures, is presented as part of the model. In SEM, the measurement model is estimated using confirmatory factor analysis (CFA). In the study, LISREL8.7 was used to test the structural equation model.

Result {#sec016}
======

Measurement model {#sec017}
-----------------

According to the values recommended by Nunnally et al. \[[@pone.0180102.ref066]\], when Cronbach\'s alpha is higher than 0.7 and the item-total correlation value is higher than 0.3, the questionnaire is considered to have good reliability. The composite reliability of the questionnaire is analyzed to detect internal consistency. A good composite reliability value must be higher than 0.7. As shown in [Table 3](#pone.0180102.t003){ref-type="table"}, Cronbach\'s alpha for the variables ranged between 0.923 to 0.855, all of which are higher than the recommended value of 0.7. The item-total correlation values for the variables ranged between 0.916 and 0.749, all higher than the recommended value of 0.3. The result of the composite reliability analysis showed that the values of all the variables were higher than 0.7, indicating that overall, the questionnaire used in this study had good reliability and stable measurements. In terms of validity, construct validity is used to examine whether the variable in the questionnaire indeed measures the concept. It is divided into convergent validity and discriminant validity. Convergent validity examines the degree of convergence or connection of the items in the questionnaire with each other in terms of one variable. For convergent validity to be statistically significant, the values of composite reliability and average variance extracted (AVE) must be higher than the recommended values of 0.7 and 0.5, respectively \[[@pone.0180102.ref067]\]. Based on the previous analysis, the questionnaire was shown to have good composite reliability. The AVE analysis results are shown in [Table 3](#pone.0180102.t003){ref-type="table"}, indicating that the values of the variables ranged between 0.7534 and 0.5536, all of which are higher than the recommended value of 0.5. Discriminant validity examines whether the scope of the constructs to be measured are different and the constructs are distinguishable. To confirm the presence of discriminant validity among the variables, the AVE of all variables must be higher than the square of all correlation coefficients. [Table 4](#pone.0180102.t004){ref-type="table"} shows that behavioral intention, perceived ease of use and perceived usefulness had good discriminant validity, whereas system support and user interface design did not. Overall, except for system support and user interface design, the variables had good discriminant validity. The mean and standard deviation of each variable are shown in [Table 4](#pone.0180102.t004){ref-type="table"}. The means of all variables were higher than 4, and the standard deviations ranged between 0.560 and 0.771. Overall, the subjects showed good acceptance of TreeIt and believed it had a good user interface design.

10.1371/journal.pone.0180102.t003

###### Reliability and validity of the measurement model.

![](pone.0180102.t003){#pone.0180102.t003g}

  -----------------------------------------------------------------------------------------------------------------------------------------------------
  Variable                    Item    Cronbach's Alpha   Factor Loading   Composite Reliability   Average Variance Extracted   Item-Total Correlation
  --------------------------- ------- ------------------ ---------------- ----------------------- ---------------------------- ------------------------
  **Behavioral Intention**    BI12    0.923              0.89             0.9241                  0.7534                       0.916

  BI13                                0.88                                                        0.912                        

  BI14                                0.85                                                        0.896                        

  BI15                                0.85                                                        0.886                        

  **Perceived Usefulness**    PU1     0.912              0.87             0.9124                  0.6759                       0.876

  PU2                                 0.86                                                        0.870                        

  PU3                                 0.80                                                        0.860                        

  PU4                                 0.77                                                        0.838                        

  PU5                                 0.84                                                        0.874                        

  **Perceived**\              PEOU1   0.905              0.85             0.9065                  0.6201                       0.860
  **Ease of use**                                                                                                              

  PEOU2                               0.78                                                        0.842                        

  PEOU3                               0.76                                                        0.825                        

  PEOU4                               0.74                                                        0.780                        

  PEOU5                               0.70                                                        0.756                        

  PEOU6                               0.86                                                        0.873                        

  **System Support**          H7      0.855              0.61             0.8611                  0.5536                       0.749

  H8                                  0.84                                                        0.863                        

  H9                                  0.72                                                        0.768                        

  H11                                 0.84                                                        0.856                        

  H12                                 0.79                                                        0.806                        

  **User-Interface Design**   H1      0.892              0.67             0.8988                  0.6426                       0.763

  H2                                  0.82                                                        0.862                        

  H6                                  0.92                                                        0.913                        

  H10                                 0.90                                                        0.903                        

  H13                                 0.70                                                        0.755                        

  **Navigation**              H3      0.865              0.82             0.8578                  0.6016                       0.915

  H4                                  0.71                                                        0.860                        

  H5                                  0.93                                                        0.870                        

  H14                                 0.69                                                        0.768                        
  -----------------------------------------------------------------------------------------------------------------------------------------------------

10.1371/journal.pone.0180102.t004

###### Means, standard deviations, and discriminant validity of the latent constructs.

![](pone.0180102.t004){#pone.0180102.t004g}

  -----------------------------------------------------------------------------------------------------------------------------------------------------------------
                              Mean    S.D.    Behavioral intention   Perceived usefulness   Perceived ease of use   System support   User-interface\   Navigation
                                                                                                                                     design            
  --------------------------- ------- ------- ---------------------- ---------------------- ----------------------- ---------------- ----------------- ------------
  **Behavioral intention**    4.020   0.771   0.7534                                                                                                   

  **Perceived usefulness**    4.085   0.651   0.6889                 0.6759                                                                            

  **Perceived ease of use**   4.170   0.680   0.5476                 0.5929                 0.6201                                                     

  **System**\                 4.031   0.703   0.3844                 0.2401                 0.2809                  0.5536                             
  **support**                                                                                                                                          

  **User-interface design**   4.431   0.560   0.2809                 0.3481                 0.2916                  0.6241           0.6426            

  **Navigation**              4.164   0.690   0.4900                 0.4096                 0.4489                  0.7225           0.7744            0.6016
  -----------------------------------------------------------------------------------------------------------------------------------------------------------------

The fit indices of the measurement model are shown in [Table 5](#pone.0180102.t005){ref-type="table"}. Hair et al. \[[@pone.0180102.ref068]\] argued that seven fit indices could be used to detect measurement model fit, i.e., Chi-square/degree of freedom (X^2^/df), goodness-of-fit index (GFI), adjusted goodness-of-fit index (AGFI), normalized fit index (NFI), non-normalized fit index (NNFI), comparative fit index (CFI) and root mean square error of approximation (RESEA). The analyses of the fitness indicators of the measurement model showed that X^2^/df was 2.10, lower than the recommended value of 3.0. The values for GFI and AGFI were 0.62 and 0.57, respectively, both below the recommended value of 0.8. The NFI, NNFI and CFI were 0.92, 0.95 and 0.96, respectively, all of which are higher than the recommended value of 0.9. Lastly, the RMSEA value was 0.099, very close to the standard value of 0.08, although not in line with the value recommended in the literature. Among the seven indices of fit, four met their recommended values, and three did not. The failure of GFI and AGFI to meet the recommended indicator fit requirements was likely due to the small sample size. Sharma et al. \[[@pone.0180102.ref069]\] showed that GFI and AGFI were affected by sample size. Moreover, the RMSEA value was very close to the recommended value. Therefore, overall, the measurement model exhibited appropriate fitness.

10.1371/journal.pone.0180102.t005

###### Fit indices for the measurement model.

![](pone.0180102.t005){#pone.0180102.t005g}

  ----------------------------------------------------------------------
  Measures    Recommended\   Suggested\                   Measurement\
              Criteria       by Authors                   Model
  ----------- -------------- ---------------------------- --------------
  **χ2/df**   \< 3.0         \[[@pone.0180102.ref070]\]   2.10

  **GFI**     \> 0.8         \[[@pone.0180102.ref071]\]   0.62

  **AGFI**    \> 0.8         \[[@pone.0180102.ref072]\]   0.57

  **NFI**     \> 0.9         \[[@pone.0180102.ref073]\]   0.92

  **NNFI**    \> 0.9         \[[@pone.0180102.ref073]\]   0.95

  **CFI**     \> 0.9         \[[@pone.0180102.ref074]\]   0.96

  **RMSEA**   \< 0.08        \[[@pone.0180102.ref074]\]   0.099
  ----------------------------------------------------------------------

Structural model {#sec018}
----------------

In this study, the 14 evaluation heuristics proposed by Zhang et al. were divided into three categories (system support, user interface design and navigation), and their relationships with perceived usefulness, perceived ease of use and behavioral intention of the TAM were investigated. Based on the results of path analysis, all five hypotheses were shown to be valid. The path coefficients and statistical measurements are shown in [Table 6](#pone.0180102.t006){ref-type="table"}. H1 hypothesized that after using TreeIt, older adults would feel that system support and behavioral intention were positively correlated. Path analysis results showed that γ1 = 0.27 (t = 3.11, p\<0.01); therefore, H1 was supported. H2 hypothesized that after using TreeIt, older adults would feel that user interface design and perceived usefulness were positively correlated. Path analysis results showed that γ2 = 0.21 (t = 2.23, p\<0.05); therefore, H2 was supported. H3 hypothesized that after using TreeIt, older adults would feel that navigation and perceived ease of use were positively correlated. Path analysis results showed that γ3 = 0.65 (t = 6.31, p\<0.001); therefore, H3 was supported. H4 hypothesized that after using TreeIt, older adults would feel that perceived usefulness and perceived ease of use were positively correlated. Path analysis results showed that γ4 = 0.66 (t = 6.20, p\<0.001); therefore, H4 was supported. H5 hypothesized that after using TreeIt, older adults would feel that perceived usefulness and behavioral intention were positively correlated. Path analysis results showed that γ5 = 0.70 (t = 7.52, p\<0.001); therefore, H5 was supported. The test results of the hypotheses are shown in [Fig 9](#pone.0180102.g009){ref-type="fig"}.

![Path analysis model for the research hypotheses.](pone.0180102.g009){#pone.0180102.g009}

10.1371/journal.pone.0180102.t006

###### Results of the hypothesis tests.

![](pone.0180102.t006){#pone.0180102.t006g}

  Exogenous Variable              Endogenous Variable     Standardized Regression Coefficient   T-value   P-value   Support
  --------------------------- --- ----------------------- ------------------------------------- --------- --------- ---------
  **System support**          →   Behavioral intention    0.27                                  3.11      \*\*      Yes
  **User-interface design**   →   Perceived usefulness    0.21                                  2.23      \*        Yes
  **Navigation**              →   Perceived ease of use   0.65                                  6.31      \*\*\*    Yes
  **Perceived ease of use**   →   Perceived usefulness    0.66                                  6.20      \*\*\*    Yes
  **Perceived usefulness**    →   Behavioral intention    0.70                                  7.52      \*\*\*    Yes

The fit indices of the structural model are listed in [Table 7](#pone.0180102.t007){ref-type="table"}. The same seven fit indices were used as for the measurement model. The fit indices analysis results for the structural model show that the X^2^/df was 2.10, lower than the recommended value of 3.0. The GF and AGFI were 0.68 and 0.63, respectively, both below the recommended value of 0.8. The NFI, NNFI and CFI were 0.92, 0.95 and 0.96, respectively, all above the recommended value of 0.9. Lastly, the RMSEA value was 0.090, very close to the standard value of 0.08, although not in line with the value recommended in the literature. Among the seven indices of fit, four met the recommended values and three did not, which is consistent with the results for the measurement model. It is postulated that the failure of GFI and AGFI to meet the recommended indicator fit requirements was likely due to the small sample size \[[@pone.0180102.ref069]\]. Therefore, the structural model exhibited appropriate fitness overall.

10.1371/journal.pone.0180102.t007

###### Fit indices for the structural model.

![](pone.0180102.t007){#pone.0180102.t007g}

  ----------------------------------------------------------------------------------
  Measures    Recommended Criteria   Suggested\                   Structural Model
                                     by Authors                   
  ----------- ---------------------- ---------------------------- ------------------
  **χ2/df**   \< 3.0                 \[[@pone.0180102.ref070]\]   2.10

  **GFI**     \> 0.8                 \[[@pone.0180102.ref071]\]   0.68

  **AGFI**    \> 0.8                 \[[@pone.0180102.ref072]\]   0.63

  **NFI**     \> 0.9                 \[[@pone.0180102.ref073]\]   0.92

  **NNFI**    \> 0.9                 \[[@pone.0180102.ref073]\]   0.95

  **CFI**     \> 0.9                 \[[@pone.0180102.ref074]\]   0.96

  **RMSEA**   \< 0.08                \[[@pone.0180102.ref074]\]   0.090
  ----------------------------------------------------------------------------------

Discussion {#sec019}
==========

In this study, we investigated TreeIt, a social application specifically developed for older adults that contained seven social promotion mechanisms. By using the system, TreeIt allows older adults to increase social connection, maintain intensity of social connection and strengthen social experience. To investigate the effect of the user interface usability on older adults' intention and attitude related to using the system, 14 usability heuristics proposed by Zhang et al. \[[@pone.0180102.ref029]\] were used to evaluate user interface usability. The heuristics were grouped into three categories (system support, user interface design and navigation). The behavior of older adults with respect to using the TreeIt system was assessed by combining the heuristics with the TAM. The results showed that the five hypotheses proposed in this study were all valid. In terms of system support, the results of this study validated the H1 hypothesis that system support significantly affects behavioral intention. After the elderly subjects operated the TreeIt system, many thought that TreeIt's social display function and recent group function helped remind them of their friends' social status and expressed a willingness to maintain social relations with friends via the TreeIt system. Moreover, a number of subjects claimed that the hot-topic function helped them pay attention to friends' messages. The users noted that the user interface design made it easy to operate the TreeIt system without being prone to making operational errors. Even in case of errors, the users were easily able to fix them by themselves. In terms of user interface design, the relationship between user interface design and perceived usefulness was validated. The TreeIt system used a tree to represent users and leaves to represent friends' social status. The number of leaves represented the number of friends, whereas the size of a leaf represented the intensity of the social relationship with a particular friend. Many subjects noted that the analogy was appropriate and clear. The visual appearance of the system, namely, layout, color schemes, icons, buttons, etc., also conformed to the concept of the tree. Regarding the mood display/ emotional feedback function, when one friend accumulated or maintained a certain level of emotional feedback, the color of the leaf changed or remained the same to indicate the friend's positive or negative mood. The subjects claimed that clear system user interface design helped them maintain or strengthen their social relations with friends. In the navigation section, the results of the study were consistent with those of Ramayah \[[@pone.0180102.ref061]\], indicating that navigation significantly affected perceived ease of use. As the user interface design of the TreeIt system was fairly simple and only contained three operation layers at most, navigation was easy for the users. The majority of the subjects indicated that the operation of the TreeIt system did not impose too large of a cognitive load.

Lastly, in terms of confirming the intrinsic relationship among technology acceptance factors, the results of this study showed that perceived ease of use directly affected perceived usefulness. Behavioral intention was also directly affected by perceived usefulness, consistent with the findings of Rauniar et al. \[[@pone.0180102.ref040]\], who found that in using social applications, if users perceived a system as easier to operate, they would find it more useful and be more likely to use the social application.

Conclusion {#sec020}
==========

Regarding the validation of system usability, previous studies have investigated the relationship between quality and usability or the relationship between user interface and perceived ease of use or perceived usefulness. However, in those studies, the definitions of usability and user interface were too broad and only portions of Nielsen's usability heuristics were applied. Because there have been no detailed investigations on the effect of system user interface usability on older adults' attitude and intention to use SNSs, this study divided the 14 heuristics proposed by Zhang et al. \[[@pone.0180102.ref029]\] into three categories (system support, user interface design and navigation) and integrated them into the TAM. The results showed that system support and perceived usefulness had a significant effect on behavioral intention. Furthermore, user interface design and perceived ease of use were positively correlated with perceived usefulness. Navigation also had a positive correlation with perceived ease of use. These findings can provide valuable suggestions for designing social applications' user interface for older adults in the future. However, this study also has some limitations. First, to maintain social intensity, the system automatically filtered out friends with whom the user had weak connections and limited users to 150 friends. However, users might found it difficult to maintain their social connections with friends who were initially filtered out. As a result, we suggest that the system allow users to manually search for friends who were previously filtered out. Second, the study was conducted by inviting subjects to operate seven functions in an experimental fashion. The subjects were unable to interact with their real friends through the system. Therefore, it is recommended that a long-term study be conducted to examine elderly subjects' real interactions with their friends through the TreeIt system. Finally, the main purpose of this study was to understand whether user interface usability affects users' acceptance of new technology. In future studies, the effect of other internal or external factors such as gender, subjective norms, and self-efficacy on older adults' use intention and acceptance of social applications should also be investigated.

Supporting information {#sec021}
======================

###### Appendix 1.

Treeit heuristic evaluation.

(PDF)

###### 

Click here for additional data file.

###### Appendix 2.

TreeIt technology acceptance model questionnaire.

(PDF)

###### 

Click here for additional data file.

###### Data for PLOS ONE TreeIt.

(XLSX)

###### 

Click here for additional data file.

The authors owe much gratitude to Yi-Hao Hu, Dong-Hng Lin, Chu-Chia Kuo and Tzu-Yu Yang for all the work they contributed during the production of this system.

[^1]: **Competing Interests:**The authors have declared that no competing interests exist.

[^2]: **Conceptualization:** THT HTC.**Data curation:** THT YSC YJC.**Formal analysis:** THT YSC.**Funding acquisition:** THT.**Investigation:** THT YSC YJC.**Methodology:** THT.**Project administration:** THT HTC.**Resources:** THT YJC.**Software:** THT YSC.**Supervision:** THT.**Validation:** THT YSC.**Visualization:** THT YSC.**Writing -- original draft:** THT.**Writing -- review & editing:** THT.
